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(2) The integrity of the work and identification of the author, copyright owner, and publisher must be preserved in any copy. immunoglobulins (Fox, 1989) . Besides, the minor proteins include lactoferrin, lactoperoxidase and 5 lysozyme, which have important antimicrobial and carrier functions (Marshall, 2004; Parodi, 2007) .
6
The primary structures are known for β-lactoglobulin and α-lactalbumin; their genetic properties Commercial purified whey proteins, β-LG (purity 80%), α-LA (purity 85%), SA (purity 98%) from 8 bovine milk, and trifluoroacetic acid (TFA) were supplied by Sigma-Aldrich (St. Louis, MO, USA).
9
HPLC-grade water and acetonitrile were purchased from VWR International (West Chester, PA, 10 USA). MCE of whey protein was performed using the Bioanalyzer Protein 80 kit (Agilent
11
Technologies, Waldbronn, Germany) that contains chips and proprietary reagents (sieving gel 12 matrix, protein dye concentrate solution, marker protein buffer solution and protein molecular mass 13 ladder solution). All the other chemicals were purchased from Bio-Rad (Hercules, CA, USA). respectively. Equal volumes of the individual mother solutions (1.5 ml each) were combined to 19 obtain a mixed standard solution. Aliquots of 200 µl, 400 µl, 600 µl, 800 µl and 1 ml were diluted to 20 the volume of 1.2 ml with water in order to obtain a set of diluted standards; these were used to 21 construct six-level calibration curves along with the undiluted mixed standard solution itself. The Table 1 . reagents were prepared according to the manufacturer's instructions. In brief, the required gel-dye 12 mix was prepared by mixing 600 µl of spin-filtered sieving matrix with 25 µl of dye, whereas the 13 destaining solution was spin-filtered sieving matrix without any addition. To obtain reducing 14 conditions, a 3.5% (by volume) solution of β-mercaptoethanol was added to the kit sample buffer.
15
Two hundred microlitres of whey samples were diluted with 400 µl of water and filtered through a 16 0.45 µm-pore cellulose membrane (Phenomenex, Torrance, CA, USA), then prepared as follows. The chromatographic separation was performed in reversed-phase mode, using a Jupiter C4 column 7 (250 x 4.6 mm, 300 Å-sized pores, 5 µm-sized particles; Phenomenex) maintained at 30 °C. Chromatograms were acquired and processed by the Empower 2 software (Waters).
11

Mass spectrometry and chromatographic analysis of whey proteins
12
The determination of the molecular mass of the chromatographic peaks was carried out on an assays. Briefly, a bovine whey sample was subdivided into four 10 ml aliquots; one was taken as 6 blank and known amounts of commercial whey proteins were added to the other three, as follows. 12 mg of α-LA and 30 mg of β -LG. The four aliquots were diluted, as above, and analyzed in 10 triplicate; the recovery rate was determined for each protein as the ratio between the peak area due 11 to the addition (i.e. the differences between the fortified aliquots and the blank) and the peak area 12 predicted by the calibration curves for the same addition, taking into account the purity degree of 13 the commercial whey proteins. Student's t-tests were applied to check whether the recovery rates 14 were significantly different from 100%. In order to test the performance of MCE, quantification of 15 whey protein in a 40-sample subset was also done, using the same set of standards as adopted for 
Electrophoretic characterization of whey fractions
Electrophoretic separation of water buffalo whey samples was performed by the MCE technique; 1 the aim was to obtain protein separation and quantification. This technique allowed very fast 2 separation of the major whey proteins as the run time was about 3 min per chip well. The resolution 3 achieved by this method enabled the complete separation of the three major whey proteins (Fig. 1) .
4
The electrophoretograms are characterized by three major peaks and a number of lesser peaks, 
Identification of whey protein by chromatographic analysis and mass spectrometry 21
The described RP-HPLC protocol allowed effective resolution of the individual whey proteins in 22 about 24 min with good precision of the retention times, thus allowing a reliable recognition of the 23 chromatographic peaks associated with SA, α-LA and β -LG proteins in the buffalo whey (Fig. 2) .
24
In order to achieve an unambiguous identification of whey proteins from water buffalo samples, the 
Validation of HPLC and MCE protocols 22
The performances of the HPLC protocol were tested in terms of precision and accuracy. The results
23
of the validation procedure are reported in Table 5 . The method showed repeatability and 24 ruggedness of retention times below 1.5%, thus enabling a straightforward recognition of protein 25 peaks. The chromatographic results featured satisfactory and nearly uniform repeatability and ruggedness of chromatographic areas (the former at levels below 2.4% and the latter not exceeding 1 3.6%) for all the peaks, indicating that the method offers acceptable quantification precision. was applied to MCE, leading to the results shown in Table 5 . The repeatability and ruggedness of 6 migration times were satisfactory, whereas the same parameters calculated for peak areas were in respectively. On the other hand, as no more than 10 analyses can be run on a single chip, the 15 recovery assays could only be performed using several chips because the calibration standards had 16 to be loaded on every run. Therefore, the exceedingly large standard deviations and distances from 17 100% observed in the MCE recovery assays can only be due to between-chip variation. This, of (Tables 2 and 4 ).
Conclusions 1
In this study, the Mediterranean water buffalo whey proteins were analyzed to achieve reliable 2 identification and quantification of the α-LA, β-LG and SA by using a RP-HPLC method; well- Purification and physicochemical characterization of ovine betalactoglobulin and alpha-lactalbumin. Table 4 1 Concentration of whey proteins in water buffalo samples. Validation of the HPLC and MCE protocols using bovine standards: precision and accuracy. acid (TFA)/acetonitrile containing 0.1% TFA (refer to Section 2.5 for elution gradient details).
